Supplementary

Supplementary notes -Lake selection
Several criteria for the selection of lake sites potentially providing sensitive flood records were applied (Supplementary Tab. S1) (see also ref 13 for detailed discussion).
i) The lake catchments have to be characterized by a high relief in order to enable the transport of eroded sediment particles to the downstream lake during heavy precipitation events. ii) Preferably, the lake inflows are only active during flood events. This facilitates the differentiation between flood deposits and authigenic background sediments.
iii) The lake basins should have a well-defined depositional center, where the flood deposits material is accumulated. Sediment coring at this location allows retrieving continuous sediment sequences and, therefore, complete flood records.
-Age models
For age-depth modeling, event deposits, such as mass-movement-related and floodrelated event layers, were removed from the sediment sequence as they were deposited very rapidly (hours to days). Age-depth models are based on 137 Cs and radiocarbon age horizons and were established using the Clam software 31 and the IntCal09 calibration curve 34 . Resulting age uncertainties (2σ-ranges) of the calibrated radiocarbon ages range between +/-36 and +/-201 years. The age of every flood layer was determined ( Fig. 3a) by applying the spline interpolation between age horizons implemented in the Clam software 31 ( Supplementary Figs. S6 and S7 ). The resulting age uncertainty (2σ-ranges) of individual flood deposits ranges between +/-
-Jackknife analyses
In order to test the robustness of the compiled Alpine flood reconstruction against a potentially only local signal of individual lake records, a Jackknife analysis was performed. First, the individual flood records were compiled to Alpine flood chronologies by omitting one lake record for each compilation. This test revealed 10 flood compilations containing 9 lake records each. The Central Alpine flood reconstruction was then plotted together with the 2σ standard deviation of these routines ( Supplementary Fig. S1 ). The influence of outliers from single lakes flood record affecting the overall signal seems minor, which is expressed by the 2σ standard deviation ranging between 2 and 23 %. Afterwards, the Jackknife analysis was also performed omitting 2 and 3 lakes, respectively. The variability of the flood frequency curves increases when performing the Jackknife analysis omitting 2 and 3 lakes, which is expressed by increased 2σ standard deviations ranging from 2 to 30% and 2 to 35%, respectively.
-Recent examples of atmospheric conditions and their effects on Alpine precipitation
Common circulation patterns over the North Atlantic and Europe, which do favor/impede the occurrence of intense precipitation events in the Alps, show typical characteristics at 500 hPa geopotential pressure levels as discussed using the following examples based on instrumental data:
(1) In August 2003, Central Europe was under the influence of a strong high-pressure system 35 . Under this weather situation, Central Europe has suffered its hottest summer for at least 500 years and temperatures in Switzerland were topping the previous record by 2.4 °C 36 . During this year, the Alps experienced prolonged drought and heat and the entire summer period was characterized by a lack of convective rainfall in many parts of Europe. This situation is projected to occur more frequently in the future 35 ( Supplementary Fig. S3 ).
(2) In contrast, from August 6-9, 2007, the Alps were affected by strong westerly storm tracks that led to intense precipitation due to orographic rainfall mainly north of the central Alpine divide 7 . Consequentially, severe floods were recorded in the Alpine region. This specific weather situation was characterized by a weak Azores highpressure system in a southerly position and a strong pressure gradient at mid-latitudes, generating strong westerly winds ( Supplementary Fig. S4 ).
(3) A further extreme weather situation, referred to as 'Vb storm track', was observed from August 20-23, 2005, causing intense precipitation and severe flooding in the Northern Alpine region 19, 37 . This Vb storm track was characterized by a low-pressure system travelling from the Mediterranean Sea northeastward. As in 2007, this weather situation was accompanied by a weak and southerly position of the Azores highpressure system ( Supplementary Fig. S5 ).
The above-mentioned recent weather situations that triggered droughts or floods in the Alpine region (Central Europe) support our finding of less (more) intense precipitation events during warmer (cooler) summers accompanied by a strong (weak) high-pressure systems dominating Europe during the past 2500 years.
